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NATIONAL ADVISORY COMMITTEE FOR AERONaAUTICS
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WIND-TUNNEL INVESTIGATION OF THE EFFE
OPERATION OV ETABILITY

By Wallace F. Davis and Sherwcod H.'quwh
SUMMARY

The effects of jet-motor. operaticn on the stability and
control oheraCUeristics of two flcater—tvpe airplanes as
determined by wind-tunnel tests of 1/9~scale models are pre-
sented. It is shown that the actlon of the jets is to cause
a small loss in stick-fixed stability. which 1s predictable
from known theories.

INTRODUCTION

A Jot-propulsion engline draws air into a compressor and
delivers it to a chamber where the qcaition and combustion
of fuel results in a high-temperature gaseous mixture under
high pressure. This mixture is then partielly expanded
through a gas turbine and is Tinclly ejected as a high-
velocity high-tempereature jet. In general, the diffusion of
such & jet 1s the result of the absorption of its energy by
the surrounding fluid tanrough turbulent mixing. The diameter
of the jet increases slowly at & nmexinua dAiffusion engle of
ebout 7° {(references 1 and 2) and the increasec in cross—
sectlonal area 1s accompanied by o decrease in velocity. If
the momentum of the spreading jet is to remain constent, the
decrease in velocity must be accompanied by an increase in
mass flow. This mezns, of course, that part of the.fluid in
the surrounding streem Le drawn into the. jet =2nd the stream—
lines of the stresm ere deflected toward the axis of the high-
velccity jet. Theoretical treatments of this flow problem are
given in reference 3.

Prior to the development of these theorctical studics,
tests of models of two fighter-tyoc cirplancs, one with a
single jet motor discharging its hot gases from the tail ond
the other e twin-engine airplernc with jets exhausting near the
wing roots, were made in the amcs 7- by 10-foot wind tunnels
to determine the effects of jet onecration on stability ~nd
control. This report presents the results of these tests with



& cold jet and comperes them with thc change in stability
calculated from theory.

JET-PROPUL3ION S3INULATION

If =sctual jet-prcopulsion enpgine-owercting conditions were
to bte used in wind-tunnel testing, o jet of the same outlet
velocity and temperaturc as gencrated y the full-scele cnginc
would be necessary. The difficulties met in producing these
conditions in a wind-tunnel model have made actual simul=tion
impractical at the present time, so the following aprroxinate
method has been de Vploped

If it 1is assumed that jet operction does not affect the
externzl drag of the engine housing oid thet the static
pressure at the Jjet OLtleu is ecual to atmospheric nressure,
the thrust of a jet-propulsion unit will be eoucl to the
rate of change in the momentum of the fluid emerging fronm
the jet or

T = MA (VJ - V) + Z;FVJ

where

T thrust force, pounds

M, rass flow of air, siuge per sccond

Vi velocity of fluid at jet outlet, fect per second

o velocity of flight, feet per sccond

Mp mass flow of fuel, slugs oecr sccond

Then, defining the jet thrust cocfficient Te;' as the thrust

divided by the product of the ¢'""*c pressurc of the free
streanm a (lb/sa ft) and the wing area S (=g Tt),

v T _ I'.ﬂ. + i'{F \\ /M (VJ - V) + I\AF VJ>
T — —— ! -
cg -QE M, + MF ! V23
2
and since




[

=/

A

vhere
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a7 arce of Jet outlet, square fect
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With the jet-propulsion engines uscda at the prescnt time Np
will not be more then 2 percent of kK, even undcer extrene
conditions, Thercfore, if Uz 1s reglected,
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and the thrust will be simulated if the product of the ratlos
of the above ecuation is the desired constant. If & cold Jet
is used in wind-tunnel testing, the density ratio will not be
the same es found under ectual conditions; however, a given
Tey' can be obtained by adjusting the velue of Ay/S. This

adjustment was made in the case of the models by reducing the
Jet-outlet area with a streamlincd »nlug.

The principal sources of error in using this method of
Jet simulstion ere the incorrect jet temperature and viscosity
and the chenge in the manner of jet diffusion by the stream—
lined »lug. Both of these errors will affect the inflow about
the jet, and thus vpossibly the stability and control cheracter-
istics of & wind-tunnel model., EHowever, 1t is believed that
these errors will be small and of sccondery importance,



APPARATUS AND METHOD

The arrangement of the 1/5~scale models of the fighter
alrplenes in the 7- by 10~foot wind tuniel is shown in figures
1l and 2 and the model dimensions are c¢iven in figures 3 and b,
The et wae simulated by compressed air supplied to the model
oy the plping arrangement shown in figures 1 and 2. This eir
passed through & mercury seal that removed any restraint from
the balance system and entered the floating frame along the
center line of rotation in yaw pervpecndicular to the drag and
crosc-force-wind axes and 2long the exis of the links of the
front-1ift scales. The mocel pitched about a fixed vertical
ripe, and the rotation of the jet outlet cbout the pivot wes
taken by flexible tubing. In order to reduce interference
and tare forces, the length of the pipe that vrojected into
the wind-tunnel elr stream was surrounded by a fairing that
was free of the wind-tunnel balance system, The jet-outlet
velocity was calculated fram measureients obtained from a
thermocouple and calibrated orifices in the pipe leading te
the Jjet outlet,

The forces due to jet operation werec measured through
the avsllable jet-veloeclty range (0O to 1000 ft/sec) in a
tunnel-of f calibration. Since only the effeccts of the change
in flow about tihe model were desired, the nitching moment and
the force components resulting from the thrust of the let
have been subtracted from the test recults, All the date have
been corrected for wind-tunnel-wall cffects and tares,

The method of conducting the tests consisted of setting
the outlet velocity of the jet at the highest attelnable value
and varying the outlet-velocity ratio Vs/V by changing tae
dynamic pressure in the wind tunnel., Tinis procedure caused a
change in Reynolds number (from 706,000 to 1,700,000, based
upon the mean ecrodyramic chord of the wodels) that affected
the aerodynamic characteristics of the models to scme extent,
especially when the flaps were deflecited. In order to elimi-
nate this variable, jet-off dates were obtained at the same
dynemic pressures as were the jet-~on data. Comparison of the
results showed an increment in pitching moment and control
hinge moment due to jet operation. 1In order to illustrate the
effect of outlet-velocity ratio, it has been assumcd thet
Reynolds number has a negligiovle effect on these increments,
and they have been added to the basic moment and hinge~uoment
curves obtasined at the higher Reynolds numper.

The naturc of the flow in the recglon of a high-velicity
Jet was investigeted by visual gnd cualivative obscrvations,
The gpparatus for the former method consisted of a & -inch by

—~

5-1nch plexiglass flow channel, a two-dimensional Jjet, and a
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gmoke generator. The Jjet was supplied by compressed air from
a source of varieble pressure anc issued from a 1/l6-inch slot
in a plenum chamber that extended across the flow channel.
Smoke was produced by blowing an oil mixture through & heated
coil snd was introduced into the low-velocity air stream (6
to 12 ft/sec) above the jet outlet. High-speed photographs
were taken of the smoke streamers through an outlet-velocity
ratio range of O to &,

The magnitude and the direction of the change in flow
about the Jjet outlet ¢f the single-engine airplane model were
measured with & directional pitot-tube. The accuracy of this
instrument in measuring angles of pitch and yaw 1s within
about iO.25°, and the dynamlc pressure mcasurements are within
about £1 percent, :

The change in prescure distribuftion on the horizontal
taill surface of the single-engine fighter model was measured
by static pressure orifices at 25 percent and 50 percent of
the elevator semispan on zn airfoil located 6 inches (model
scale) cobove the center line of the jet outlet.

RESULTS AND DISCUESION

Flow Pattern

Since the high-velocity jets of both airplanes could
influence the flow in the vicinity of the tall and thereby
change the stability, tests were made in a small flow channel
to study the flow around the jet with smoke streamers. Figure
5 showe photographs of thesc smoke strcamers. These studies
indicate that the streamlines curve toward the jet as the
outlet-velocity ratio is incressed and that the greatest change
in stream dirsction is near the jet outlet., Measurements, with
e directional »itot tube, of the megnitude of the flow-angle
changes about the jet of the single-cngine sirplene model are
not of sufficient accuracy to detecrmine absolute values, since
the variation is of the same magnitude as the accuracy of the
instrument. However, the data of Tigure 5 do show that the
change in strecn direction in the region of the horizontal
surface is small (less than 1°). No measurable change in the
velocity of thc stream at the tall was noticed.

Change in Tail Load
The flow inclination caused by the Jjet produced an

increase in the download on the horigzontal tall of the
single-engine airplene model becruse of an increase in



downwesh angle end & change in the effective camber of the
egirioll section. Measurements of the pressurc-coefficient

(P = ~/o) distriobution show that the jet causes a decrcase’
in the »ressure on the lower surface that increases with jet
thrust cocfficient (Tgy') and decresses with distance from the
center line of the jet. (See fig. 7.) The change in pressure
coefficient is small, being equal to about C.15 at 25 percent
of the semispan of the horizontal tzil for an OLt;Ot vclocity
ratio cf 1l2.

A decresse in pressure on the lower surface of the hori-
zontal tall causes a more positive witching-moment coefficient.
liecasurements of the pitching moment with the same horizontal
tail ac was used for the pressurc-distrioution tests showed a
positive shift of the pitching-momeni-coefricient curve of
about 0.C3 at an outlet-velocity ratio of "12. Since the
piltching moment of the model without & tail was not affcected
by Jjet operation, this change in O, agreed with that
predicted by the pressure mC?SuremOJuS. '

Chenge in Longitudinal Stability

For the single~cnginc model, militery-rated-power opere-—
tlon of the Jjet-propulsion cngine of the airplane is
cheracterized by the variation of thrust coefficient Tgj!
and outlet-velocity ratio VJ/V with s:eced that is shown
in fizure &, The veriations of »nitching-moment and elevator
hinpe-moment cocfficients resulting fror oncration of the
Jet arc shown in figure ¢, 10, and 11, From thesc data,
the effect -of jet operation upon an &000-pound singlec-cngine

airplenc flying at sea level has becn computed a2nd is
sunmarized in the following table:

[T Teesured chengc¢ in | Estimatcd change in
' Condition - stick-fixed ncutrol-— neutral-point loca-
{ X voint location tion (from ref. 3).
( 1 ‘5

! )
; Flaps retracted 2 percent M.A.C. I 2 percent M.A,C.
! o '
i Flaps 55 1 percent M.A.C. ————————— —

For the twin-cngine airplene, the varietion of outlct-vecloelty
ratio, thrust coefficient, and 1ift cocfficicnt with alrspecd
ere glven in figurc 12. Figures 13, 14, and 15 show the
effects of jet opcretion on the stability end control and




elevator hinge moments. The measured and estimated changes
in stick~fixed stability for the twin-engine airplane are
given in the following table: - ' S i

Measured change in mstimated change in

Condition stick-fixed neutral neutral point location
‘ point location (from reference 3).
Fleps retracted 3 percent H,4,C, 4,2 percent 14,A.C.

Flaps deflected U4 percent M.,A.C. e e

From these data it is concluded thet the effects of jet oper-
ation on the stick-fixed stability are small and may be
predicted with reasonable accuracy from known thcories.

The effects of jet operation on the elevator hinge
moments of the single-engine airplane result . in an increase
in stick-rree stability becsuse of the 1increase in Gha;
Calculated stick-free neutral-point shifts of 30 percent
for this condition are not of significance, however, since the
Torce varlation with speed is very slightly increased. For
the twin-engine airplane the effect of jet operation on the
hinge-moment characteristics is negligible, insofar as changes
in stick-free stability are concerned,

Directional S5tability

Tests of the directional stability with jets operating
show negligible changes in stability and trim.

CONCLUDING R=ZIIARKS

It is concluded that the effceccts of jet operation on the
stability characteristics of airplancs similar to those for
which model tests were made will be small provided the jet
does not impinge on the tail., The stability changes can be
predicted with reasonable accuracy from known theories, It
is possible that for certaln locations of the tail plane
relative to the jet, stability changes appreciably greater
than those found for the models of this report may be



expsrienced. Study of the theoreticol treatises will show *
regions. of learge flow angles which snould bc avoided in.
fixing tnc position of the tail.

Ames Acronautical Laboratory, o
T oiEtional AAVIsory Comuittee for hordis utics,
: Moffett Ficld, Calif., Nov. &, 1945,
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FIGURE /3.—/ARIATION OF AITCHIMG ~MOMENT COEFF/IC/ENT
WITH LIFT COEFF/CIENT AT CONSTANT THAUST
COEFF/IC/IENT FOR TWO-ENG/NE AFRPLANE

MODEL, FLAPS RETRACTED.
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FIGURE 14.— YRE/ATION OF FI/TCHING-MOMENT COELFICIENT
WITH LIF]T COEFFICIENT AT CONSTANT7 THEYST
COEFFIC/IENT FOL TWO-ENGINE BIEFLANE
MODEL . SPLI7 FLARPS OEFLECTED 07
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FIGUEE /8. — VAEIATION OF HINGE-MOMNENT COEFFICIENT
WITH LIFT COEFFIC/IENT A7 CONSTHANT THEYST
COELL/ICIENT FOE TWO-ENCG/INE HIEFPLANE
MHODLEL . FLAFS £ETREACTED.



